Mimicking initial interactions of bacteriophage M13 coat protein disassembly in model membrane systems.
The structure and changes in environment of the M13 major coat protein were studied in model systems, mimicking the initial molecular process of the phage disassembly. For this purpose we have systematically studied protein associations with various detergents and lipids in two different coat protein assemblies: phage particles and S-forms. It is remarkable that the major coat protein can change its conformation to accommodate three distinctly different environments: phage filament, S-form, and membrane-bound form. The structural and environmental changes during this protein transformations were studied by site-directed spin labeling, fluorescence labeling, and CD spectroscopy in different membrane model systems. The phage particles were disrupted only by strong ionic detergents [sodium dodecyl sulfate (SDS) and cetyltrimethylammonium bromide and (CTAB)] but were not affected by sodium cholate and sodium deoxycholate, nonionic detergents, and dilauroyl-l-alpha-phosphatidylcholine (DLPC) lipid bilayers. Conversion of the phage particles into S-forms by addition of chloroform rendered the coat protein accessible for the association with different ionic and nonionic detergents, as well as DLPC lipids. The disruption of the S-form by all detergents studied was instantaneous but was slower with DLPC vesicles. Only small unilamellar vesicles effectively solubilized the S-form. The data suggest that the viral protein coat is inherently unstable when the major coat protein is exposed to amphiphilic molecules. During conversion from the phage to the S-form, and subsequently to the membrane-bound form, the coat protein undergoes pronounced changes in environment, and in response the alpha-helix content decreases and the local protein structure changes dramatically. This adaptation of the protein conformation enables a stable association of the protein with the membrane.